Single protein nanocapsules (SPNs) 
The nano-capsule around the enzymes is multifunctional (Figure 1 : Functions). Single protein nanocapsules have 1) stabilization function a) mechanical stability, when under mechanical stress (circular stirring) the single enzyme nanocapsules are more stable than natural enzymes (enzymes without nano-layer) [12, 13, 14] ; b) heat stability: when at extremely high temperature (80°C) single enzyme nanocapsules have greater stability than natural enzymes [12, 13, 14] . c) pH-stability: at extremely acidic (pH = 1.5) or alkaline (pH = 12.0) pH-values the activity of single enzyme nanocapsules are not reduced essentially, while the natural enzymes almost loose their activities [12, 14] . d) The polymer nanolayer around the enzymes can retain the quaternary structure of enzymes e.g. β-xylosidase enzymes from Thermobifida fusca species (not published results). 2) Single protein nanocapsules increase the biological stability of enzymes against protease enzymes in the systemic circulation [21] . 3) Single protein nanocapsules have a drug carrier function a) they can carry the encapsulated proteins as drugs through the blood-brain barrier [15] ; b) they also can deliver protein drugs at intracellular level [21, 22] . Polymers are usually used as protein drug carriers [23] , but these micrometer-size carriers cannot stabilize proteins [24] .
The immunogenity and nanotoxicity of SPNs has not been studied previously though it is essential for any biomedical applications. Haemoglobin molecules have enzyme-like function and its structural stability is essential for a good function. For this reason human haemoglobin molecules (HgB) were encapsulated and single haemoglobin nanocapsules (PAAHgB) were synthesized. Synthesis of artificial blood is one of the most invested research area worldwide. Encapsulation of haemoglobin is the most common technique used for artificial blood delivery [25] . Stability of PAAHgBs was investigated by the measurement of the size distribution and melting point analysis. Nano-sized therapeutics usually inducts an extremely complex immune response (complement activation, activation of granulocyte cells, vasoactive mediator actions, etc.) [26] . Basophilic granulocyte test measure the activation of allergic reaction by the samples. Investigation of biocompatibility of PAAHgBs can be started by the measurement of basophilic granulocyte activation.
2 Experimental section 2.1 Materials Chemicals: Acryloyl chloryde, (Sigma), disodium hydrogenphosphate, potassium dihydrogenphosphate (Spektrum-3d, 
Methods
Preparation of single haemoglobin nanocapsules (PAAHgB): 335 mg of human haemoglobin was solved in 25 ml of phosphate buffer (120 mM, pH = 7.15, with a three times ion exchanged water, specific conductivity: ρ = 8.15 μS). Modification of haemoglobin on the surface: the solution was cooled to 0°C and 112 μl acryloyl chloride was added and was stirred over a half an hour. 152 μl of acrylamide/bisacylamide (10: 1 molar ratio of acrylamide: bisacrylamide) and 2.53 mg ammoniumperoxodisulphate and 1.5 μl TEMED initiator was added into the solution under N 2 -atmosphere to initiate the polymerization reaction over 6 hours. For the separation of the reagents and byproducts dialysis was used (with a 12 mm diameter, 10 kDa cutoff dialysis tube, for 2 x 6 hours at 2°C with a 120 mM, pH = 7.15 phosphate buffer).
For direct basophil activation we studied the following nanomaterials: different kinds of functionalized multiwall carbon nanotubes (MWCNT: CNT-OH, CNT-COOH), nanofiber, micro-and nanosoot particles, polyacrylamide gel (PAA), polyacrylamide gel encapsulated haemoglobin (PAAHgB) and liposomes with various lipid composition. We determined the particle size, size distribution and zeta potential with Malvern NanoZS DLS instrument. The nanomaterials were incubated for 15 min with peripheral blood specimens and the degree of activated basophils (co-expression of IgE and CD63 markers on the cell surface) were examined by FACS analysis.
3 Results and discussion 3.1 Size distribution of single haemoglobin nanocapsules The size distribution and melting point detection were measured by dynamic light scattering (DLS) method, Zetasizer Software Nano series, Zetasizer v6.20. The concentration of samples was 3.36 mg/ml. The melting point of natural HgB molecules ( Figure 2A ) and single haemoglobin nanocapsules was measured to analyse the stability of nanocapsules ( Figure 2B ). The melting point is the same in both cases and it means that the heat stability of single haemoglobin nanocapsules is not worse than the native haemoglobin molecules.
Size distribution was measured in the function of the concentration of single haemoglobin nanocapsules (PAAHgB) and in the function of temperature (Figure 3 ). Polyacrylamidebisacrylamide gel (PAA) in a same molar ratio and weight was used as control material.
Results show that the size distribution of PAA is between 100 nm and 1000 nm at 25°C (Figure 3) . The mean size of PAAHgB sample is less than 10 nm at 25°C and 30°C. This size range is suitable for biomedical applications. Size distribution is homogeneous at these temperatures. The size distribution has two peaks at 45°C. One of these peaks falls in size range of less than 10 nm and the other one, in range of higher than 1000 nm. At 48°C there is only one peak in the size distribution of PAAHgB and its mean value is larger than 1000 nm. These results show that the aggregation of PAAHgB is occurring at about 40°C and the whole amount of PAAHgB is aggregated at 48°C.
Comparison of different nanomaterials containing haemoglobin molecules 3.2.1 Zeta potential
We compared the size and zeta potential of different types of native nanomaterials with single haemoglobin nanocapsules (Figure 4) .
In a stock solution of the empty (PAA) and HgB loaded polyacrylamide gel particles (PAAHgB) (13.44 mg/ml HgB in both cases) had the highest size. The lower size was observed in the case of liposome samples. The distribution range was quite wide (except liposomes). The monodispersity of particles was the best also of these materials. The range of zeta potential was between -3.56 and -47.2. Zeta potential values larger than -35 mV yield better stability of nanoparticle, while that generally results in short-term stability of the suspension in range between -10 mV and -30 mV. PAAHgB samples have low negative zeta potential and they aggregate in concentrated stock solution (13.44 mg/ml), but liposomes (LipA and LipB) have high zeta potential values.
Basophile activation test
The size, homogeneity and aggregation status are important physico-chemical parameters that determine the biological behaviour of nanomaterials, and ultimately toxicity. In addition, the chemical composition is also important. In our work we demonstrated that the nanomaterials play an important role in the activation process of basophils -as a part of allergic reactions. This effect depends on the above-mentioned parameters. According to our study the basophil activation capacity of PAAHgB nanoparticles is slightly elevated comparing to the background results, but it is significantly smaller than the positive control (fMLP) (Figure 5 ). The samples treated with wash solution instead of allergen were the negative control. The activation level of these samples gives the background activation of the system. In case of the same chemical composition (MWCNT) the different surface functionalization fundamentally modifies the level of basophil activation. Strong basophil activation was found in the presence of CNT-OH. The lower rate of CD63 expression was measured in samples containing liposome particles (LipB, LipA, LipC) and nanofibers. Carboxyl functionalized CNT-COOH, PAA and PAAHgB induce also lower rate of CD63 marker. 
Conclusions
Single haemoglobin nanocapsules were synthesized with acrylamide-bisacrylamide copolymer on the surface of the molecules (PAAHgB) and size, homogeneity, aggregation status, zeta potential and allergenic activity (Basophil activation test) was investigated. Natural HgB molecules and PAAHgB samples have the same melting point (38°C). The mean size of PAAHgB (the peak of the size distribution) is less, than 10 nm while the mean size of empty acrylamide-bisacrylamide copolymer particles (AA) higher than 100 nm. Under 40°C the PAAHgB aggregates and at 48°C the aggregation will be complete (the peak of its size distribution is higher than 1000 nm). The results show that the basophil activation values of PAAHgB nanoparticles in the case of basophil activation kit are in the normal area (0-20%), however they cause slight direct activation and degranulation on basophil cells when compared with negative control. PAAHgB should be enveloped into liposome in order to reduce its aggregation. 
